Side effects after the first administration of OKT3, a murine anti-CD3 monoclonal antibody (mAb) of the IgG2a class, are largely attributed to the release of cytokines as a result ofT cell activation caused by interaction with Fc receptors (FcR) on human monocytes. As human monocytes possess FcR for murine IgG2a but not for IgA, it is expected that an anti-CD3 mAb of the IgA class causes less side-effects than an IgG2a anti-CD3 mAb of the same idiotype. To test this hypothesis we treated 20 renal transplant patients prophylactically with either IgG2a or IgA anti-CD3 mAb in a prospective randomized double-blind study. The patients received 0.5 mg anti-CD3 mAb, either IgA (T3.A) or IgG2a (T3.G2a), twice daily during 10 d. Rejection incidence after T3.A and T3.G2a was not significantly different. Side effects score after the first administration of mAb was significantly less after T3.A than after T3.G2a (0.7 vs 2.7, P = 0.002). IL-6 and gamma IFN levels increased significantly at 3 h after T3.G2a, but not after T3.A. The TNF peak level occurring at 1 h after T3.A was much lower than after T3.G2a. In plasma, complement and neutrophil activation products only increased after T3.G2a and not after T3.A. Both T3.A and T3.G2a resulted in a complete depletion of CD3+ cells, but after T3.A, CD3 depletion was of shorter duration than after IgG2a. Finally, in contrast to T3.G2a, T3.A did not affect coagulation and fibrinolysis. In conclusion, an anti-CD3 mAb of the IgA class causes hardly any cytokine release and less side-effects as compared with its IgG2a switch variant. Provided T3.A is sufficiently immunosuppressive, it is superior to OKT3. (J.
Introduction
OKT3, a murine anti-CD3 monoclonal antibody (mAb) ofthe IgG2a isotype, is among the first mAbs available for treatment in humans. Over the last years it has proven to be a very powerful immunosuppressive agent in renal transplantation, both for prophylaxis and reversal of acute rejection episodes ( 1, 2) . However, its extensive use is hampered by severe side effects, mainly occurring in the first hours after the initial dose and consisting of fever, chills, gastro-intestinal symptoms, headache, and occasionally pulmonary edema (3) (4) (5) .
These side effects have been largely attributed to the release of cytokines as a result of transient activation of T cells and monocytes by OKT3. Indeed, within hours after the first administration of OKT3 elevated levels of interleukin-2 (IL-2), interleukin-6 (IL-6), tumor necrosis factor (TNF)-a and 'y-interferon (IFN) were demonstrated in renal transplant recipients that paralleled clinical symptoms (6-1 1 ). Also, anti-TNF significantly reduced anti-CD3-induced morbidity in mice and man ( 12, 13) . In vitro, ample evidence has accumulated that T cell activation by anti-CD3 mAb depends upon the presence o. appropriate Fc receptors (FcR)) on human monocytes to provid2 a matrix to favor cross-linking of CD3 /T cell receptor (TCR) complexes (14) (15) (16) (17) (18) (19) (20) . As human monocytes possess FcR for murine IgG2a but not for IgA, anti-CD3-induced morbidity is supposed to be isotype dependent. Both in chimpanzees and in mice administration of T cell non-activating anti-CD3 mAb, e.g., IgA anti-CD3 and anti-CD3 F(ab')2 fragments, resulted in less cytokine release and fewer side effects as compared with the administration of T cell activating mAb such as IgG2a anti-CD3 (21, 22) . Moreover, the observation in mice and chimpanzees that T cell non-activating anti-CD3 mAb and F(ab')2 fragments do cause CD3 depletion and result in a prolongation of allogeneic skin graft survival suggests that adequate immunosuppression can be achieved without T cell activation and thus with little or no side effects.
Previously, our group has demonstrated complement activation and subsequent activation ofneutrophil granulocytes in renal transplant patients after the first administration of OKT3, and before the rise in cytokine levels occurred (23) . It was concluded that, in addition to T cell activation and cytokine release, activation of complement and neutrophils also contribute to the side effects of OKT3. Furthermore, we provided evidence for a disturbance of the procoagulant-fibrinolytic balance after administration of 5 mg OKT3 (24), although this was not accompanied by an increased incidence of thrombotic complications (25) . In contrast, Abramowicz et al. (26) reported an increased incidence of thrombotic complications in renal transplant recipients who received OKT3 induction treatment in a dosage of 10 mg daily.
This study was primarily undertaken to test whether a T cell activating and a T cell non-activating anti-CD3 mAb differ in the generation of side effects in humans. Parameters of anti-CD3 mAb related toxicity such as cytokine release, activation ofcomplement, and neutrophil granulocytes as well as parameters of coagulation and fibrinolysis were tested. For this purpose 20 renal transplant recipients were treated with either IgG2a or IgA anti-CD3 induction therapy in a prospective double-blind randomized study.
Methods
The study was approved by the Institutional Research and Ethical Committees ofthe Academic Medical Center ofthe University ofAmsterdam and written informed consent was obtained from all patients.
Monoclonal antibodies. Anti-CD3 isotype switch variants were isolated at our institute as described before (27, 28) . They have the same idiotype and are thus reactive with the same epitope on the CD3 molecule, their avidity being approximately ten times higher than OKT3 (29) . The hybridomas producing monomeric IgA anti-CD3 (T3.A) and IgG2a anti-CD3 (T3.G2a) were cultured under aseptic conditions in a hollow-fiber culture system (Acusyst, P., Endotronics Inc., Coon Rapids, MN) and purified by Euroclone (Amsterdam). T3.A and T3.G2a had been tested before in chimpanzees for toxicity and effects on T lymphocytes (22) . Patient selection and immunosuppressive protocols. Patients were eligible for this study if they were > 18 yr of age, received their first or second renal graft, did not exhibit strong anti-HLA sensitization (defined as 85% or more panel reactive antibodies) and had not received prior treatment with murine mAb. From October 1991 to August 1992, 20 renal transplant recipients were enrolled in this study. After randomization patients received either T3.G2a or T3.A induction treatment in a double-blind fashion. The mAb code was not broken until 6 wk after the last patient had finished anti-CD3 treatment. Basic immunosuppression from the day oftransplantation and during induction treatment consisted of prednisolone/azathioprine. Azathioprine was given orally in a dosage of 2.5 mg/kg/d, the first dose was given preoperatively. Prednisolone 50 mg i.v. was given twice daily from the day oftransplantation until the start ofanti-CD3 induction. To be able to monitor anti-CD3 related side effects, anti-CD3 induction was started at day three or four after transplantation. Based on a 10-fold increased avidity ofT3.A and T3.G2a in vitro as compared with OKT3 (29) Side effects during anti-CD3 induction. Side-effects occurring during the first 6 h after the administration of anti-CD3 mAb were expressed in the following way: from zero to three and from 3 to 6 h after anti-CD3 administration patients were observed and questioned for the presence of (a) fever > 38.5°C, (b) chills, (c) dyspnea, (d) nausea or vomiting, (e) diarrhea, and (f) headache. Each positive symptom was scored I + when present during one interval, 2+ when present during both intervals. Thus, the cumulative side effects score ranged from zero to 12. Apart from this, body temperature was taken at least four times daily during the first 2 d of anti-CD3 induction treatment.
Blood sampling and assays. Venous blood samples were obtained with the use of a dwelling catheter that was inserted in one of the femoral veins 1 h before the first administration of OKT3. According to the literature (6-8, 23-24) time points for determination of cytokines, activated complement factors, neutrophil degranulation products, and parameters of coagulation and fibrinolysis were chosen as to result in an optimal reflection of kinetics. Time points chosen were: immediately before and 15 min, 30 min, 1, 3, and 6 h after the first three administrations of anti-CD3 mAb. Plasma aliquots of six T3.Aand six T3.G2a-treated patients were stored at -70'C. Plasma TNF-a and y-IFN levels were measured with a commercially available ELISA resp. IRMA (Medgenix, Billerica, MA). Plasma levels of IL-6 and complement activation products C3a-desarg and C4b/c were determined as previously described (30) (31) (32) . Plasma levels of neutrophil degranulation products lactoferrin and elastase-a1-antitrypsin (AT) complexes were measured with a RIA (33). Prothrombin activation fragment Fl + 2 was determined with a commercially available ELISA (Behringwerke AG, Marburg, Germany). Levels of tissue-type plasminogen activator (tPA) and plasmin-a2-antiplasmin complex (PAPc) were measured as described previously (24, 34) . The upper limit of values in plasma of 20 healthy controls, defined as mean + 2 SD was 40 pg/ml (TNF-a), 13 pg/ml (IL-6), 1 U/ml (y-IFN), 5 nmol/l (C3a-desarg), 55 nmol/l (C4b/c), 424 ng/ml (lactoferrin), 117 ng/ml (elastase-a,-AT), 1.1 nmol/l (F 1 + 2), 10,ug/l (tPA) and 7 nmol/l (PAPc).
In all patients blood samples for the determination of lymphocyte subsets were drawn immediately before the first administration ofanti-CD3 mAb and 15 min, 30 min, 1, 3, and 6 h thereafter. In addition, during the first 2 d lymphocyte subsets were determined every 6 h and the following days twice daily before each subsequent anti-CD3 administration. On day seven, additional blood samples were taken at 30 min, 1, 3, and 6 h after anti-CD3 administration. Lymphocyte subsets were determined by direct fluorescence using anti-CD2, anti-CD3, anti-CD4, anti-CD8, anti-CD19, and anti-TCR mAb labeled with fluorescein or phycoerythrin (Becton Dickinson, Mountainview, CA). Goat anti-mouse fluorescein-labeled antibodies, at a dilution of 1:40, were used to detect in vivo coating of T cells by anti-CD3. In vitro, using serial dilutions of T3.A and T3.G2a, indirect staining with goat antimouse fluorescein-labeled antibodies yielded similar results. Flow cytometry was performed using a FACSCAN. Plasma levels ofT3.A and T3.G2a and antibodies to T3.A and T3.G2a were determined with an ELISA (35 38 .7±0.30C after T3.G2a treatment (P = 0.005). Cumulative side effects score during first 6 h after the first mAb administration was 0.7 in T3.A-treated patients and 2.7 after T3.G2a treatment (P = 0.002). Subsequent administrations of either mAb caused hardly any discomfort. At a minimum follow-up of 6 mo, major infectious complications after resp. T3.A or T3.G2a treatment consisted of CMV disease (one vs. four patients) and septicaemia (one patient in either group).
Cytokines. Results of cytokines are given in Fig. 1 . Increases were only noted during the first 6 h after the first anti-CD3 administration. Significantly increased TNF peak levels were reached at 1 h after the first administration ofeither mAb. However, TNF peak levels were much higher after administration of T3.G2a (1143±157 pg/ml, P = 0.04) than after T3.A (228±54 pg/ml, P = 0.04). Elevated IL-6 levels were only demonstrated after administration of T3.G2a, with peak levels being reached at three hours (65±33 pg/ml, n.s.). Elevated IFN levels were only demonstrated after administration of T3.G2a, with peak levels being reached at 3 h (6.7±2.5 U/ml, P =0.04). Complement and granulocyte activation products. Plasma levels of complement-and granulocyte activation products are depicted in Fig. 2 . Increases were only noted during the first 6 h of anti-CD3 administration. C3a-desarg levels were only slightly elevated after administration ofT3.G2a, with peak lev- els being reached at 6 h (7.2±0.8 nmol/l, P = 0.04). No elevated C4b/c levels were detected after administration ofeither mAb at any point of time (data not shown). After administration of T3.G2a there was a slight increase in lactoferrin levels, although peak levels at 3 h were still in the normal range (325±71 ng/ml, n.s.). No elevated lactoferrin levels were detected after administration of T3.A. Pre-treatment levels of elastase-a,-AT were slightly elevated and increased significantly after administration of T3.G2a with peak levels at 3 h (431±92 ng/ml, P = 0.04), but did not increase after administration of T3.A. 1 and 3.6±0.6 nmol/l) and increased only slightly after administration of T3.G2a, peak levels being reached at 6 h (4.7±0.9 nmol/l, n.s.). After administration of T3.G2a both tPA and PAPc levels increased significantly: tPA peak levels were reached at 1 h and averaged 44±6.6 ,ug/l (P = 0.04). PAPc peak levels were also reached at 1 h and averaged 199±73 nmol/l (P = 0.04). After administration ofT3.A no increase in Fl + 2, t-PA or PAPc levels was observed.
T cell subsets. Both T3.G2a and T3.A resulted in an immediate and profound depletion ofCD3+ cells in all patients (Fig.  4) : within 30 min after the first administration of either mAb the number of CD3+ cells had decreased to < 10% ofbase-line values. However, CD3 depletion after T3.A was ofshorter duration than after T3.G2a administration: whereas during the whole period of T3.G2a treatment the number of CD3+ cells remained low as compared with pre-treatment values, T3.A-induced CD3 depletion only lasted for 2 d. From the third day of 0 0.5 3 6 Hours after anti-CD3 (29) . Therefore the observed difference in side effects and cytokine profile can only be ascribed to the difference in isotype and is in agreement with our observation in vitro that, in contrast to IgG2a anti-CD3, IgA anti-CD3 mAb can not cause T cell activation (27) . Moreover, after administration of T3.G2a activation of different cell populations, such as monocytes, macrophages, and natural killer cells, via FcR may also contribute to the early release ofTNF, IFN, and IL-6.
As pre-treatment with high-dose steroids has been reported to decrease toxicity of IgG2a anti-CD3 mAb in mice and men (6, 8, (36) (37) (38) (39) , it is tempting to speculate that omitting pre-treatment with steroids would even have increased the difference in toxicity and cytokine profile ofT3.A and T3.G2a. Interesting is the occurrence ofchills and TNF release after the first administration of T3.A. This is in agreement with the in vitro TNF production induced by anti-CD3 F(ab')2 fragments (40) . TNF is generally supposed to be produced by lymphocytes and monocytes ( 10, 17) . Administration of TNF as an i.v. bolus to healthy humans results in chills and fever, starting as early as 10 min after the injection (41) . As both mAbs were tested extensively in our laboratory and were found to be free ofendotoxin-known to be a trigger for TNF release-it seems very unlikely that contamination with endotoxin is responsible for these events. Perhaps other cells than peripheral blood mononuclear cells (endothelial cells ?) may be an additional source of TNF production. After administration of T3.A no elevated levels of complement activation or neutrophil degranulation products were detected in plasma. This is in agreement with the general assumption that monomeric murine IgA is a poor activator ofcomplement. After administration of T3.G2a C4b/c levels did not increase at any time point, while a small but significant increase in C3a levels was observed at 6 h. From an earlier study we concluded that side-effects after OKT3 are not only caused by cytokine release but that activation ofcomplement and neutrophil granulocytes are at least as important (23) . In agreement with these data, the early rise in neutrophil degranulation products, ascribed to complement activation, did not occur after T3.G2a administration. The late increase in elastase-a1-AT and lactoferrin levels at three hours after T3.G2a administration can be attributed to the strong cytokine response following T3.G2a (42) (43) (44) (45) .
Both mAbs caused an early and almost complete CD3 depletion, but CD3 depletion after T3.A was of shorter duration than after T3.G2a treatment. These results are in keeping with an earlier report from our group in chimpanzees (22) , although in our patients the duration oflymphopenia on the first day of anti-CD3 treatment is also influenced by MPNS pretreatment (46) . Remarkably, on day seven both mAbs again induced a rapid but transient CD3 depletion. We propose that two different mechanisms are responsible for the disappearance of CD3+ cells after anti-CD3 administration. First, the rather long-lasting CD3 depletion occurring on the first day of T3.G2a treatment, that is accompanied by severe side effects, is probably mediated by FcR and by adherence to complement receptors via complement activation. This mechanism is isotype dependent and is operational only during T3.G2a treatment. However, on day seven, T3.G2a-induced CD3 depletion is of short duration. It is conceivable that after prolonged treatment with T3.G2a FcR blockade is caused by saturation of FcR in the mononuclear phagocytic system. Interestingly, at day seven, T3.G2a-induced CD3 depletion is not paralleled by side effects, so it seems likely that activation of T cells and monocytes does not occur at this moment. The latter is also suggestive for FcR blockade. A second mechanism, that is not FcR dependent, may be responsible for the very shortlasting CD3 depletion observed on day one after administration of T3.A and on day seven after the administration ofeither mAb. We are currently investigating whether margination of T cells to vascular endothelium via upregulation of adhesion molecules plays a role in anti-CD3-induced T cell depletion.
T3.A and T3.G2a trough levels are extremely low, compared with OKT3 levels, when administered in the same dosage (K. J. Parlevliet, manuscript submitted for publication). The higher avidity ofT3.A and T3.G2a compared with OKT3 may explain this. Also, the observation that the T3.A peak level, measured at day seven is much lower than the T3.G2a peak level can be explained by the higher number ofcirculating CD3+ cells during T3.A treatment. Since CD3+ cells were coated with murine Ig during treatment with either mAb, the decreased mean channel fluorescence intensity ofthe recurrent CD3+ cells may be caused by blindfolding rather than by modulation (i.e., a decreased number ofCD3 molecules per cell) as described in earlier reports on OKT3 treatment (47) (48) (49) .
Although the interpretation ofour data on coagulation and fibrinolysis may be hampered by the use of an i.v. catheter for blood sampling, we think a few conclusions can be drawn. First, it is obvious that T3.A does not induce activation of coagulation and fibrinolysis. In contrast, T3.G2a induces a rapid activation offibrinolysis, as evidenced by increased levels oftPA and PAPc at 1 h, followed by a gradual activation ofthe common pathway of coagulation, as evidenced by slightly increased levels of F1 + 2 at 6 h. In our opinion, the elevated baseline values of F1 + 2 in our patients can be ascribed to recent surgery (renal transplantation). Our results are in agreement with other reports in which activation of fibrinolysis and coagulation have been described after the administration of TNF to healthy humans (40, 50) , and after the administration of OKT3 to renal transplant recipients (24) . Considering the recently described dose-dependent increased incidence of thrombotic complications after OKT3 treatment (26) , the absence of effects on coagulation and fibrinolysis may offer an additional advantage to T3.A.
We conclude that an anti-CD3 mAb of the IgA class is better tolerated than an anti-CD3 mAb of the IgG2a class, causes little or no cytokine release, no complement activation, no activation and degranulation of neutrophil granulocytes and does not affect the procoagulant-fibrinolytic balance. The immunosuppressive properties of T3.A therefore, deserve further investigation.
